The effect of toroidal magnetic field ripple on energetic ion confinement in Alcator A is theoretically investigated. A heuristic Monte Carlo particle simulation shows that for sufficiently large v /v the ion loss rate due to ripple trapping is independent of the toroidal fraction of the torus contained in the magnetic well.
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The effect of toroidal field ripple on ion confinement in tokamaks has been previously considered, [1] [2] [3] [4] [5] and can significantly deplete the ion distribution function at high energies. This would occur for vj, /v < /oB/B, where AB is the peak to peak change in BT due to the ripple and AB/B << 1.
Since this loss occurs at small values of v /v, it would most strongly affect the loss rate of the nearly perpenducular ions generated by rf heating.
In Alcator A there is a ripple of 2.5% on axis and 7.5% at the plasma edge caused by the gap in the toroidal magnet at each of four access ports. This ripple, as graphed in Fig. (1) , is localized to about 20% of the machine's toroidal angle, and is too large to be substantially reduced by the rotational transform. ' 3 In this letter we present calculations that show that for most values of v /v there is no reduction in the loss rate of initially toroidally circulating ions due to the fact that the ripple is localized only over a fraction of the torus. Thus for small v /v large loss rates for energetic ions can be present in Alcator A, and may have substantially lowered the efficiency of the recent lower hybrid heating experiment on this tokamak. 6 S1/2
An ion is trapped in the ripple well for v /v < 6 where 2 6 = AB/B. The ion has a vertical VB drift velocity VD ~ v /(2w ciR) and scatters out of the loss cone in a time Tout = 2T D6, where
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TD is the 90* scattering time. Thus an average trapped particle , since the slowing down time varies as E. 3, for E. < E the loss rate due to the VB drift would quickly diminish below the energy deposition time and not significantly affect rf heating efficiencies. In this letter we will consider ion energies E > E at which the loss cone will be depleted and for E. < E we will neglect this loss. We will investigate the effect of ripple localized to a small fraction of the torus, a situation uniquely relevant to the Alcator A tokamak.
We can write down the orbit averaged Fokker-Planck equation
for the energetic ion distribution f. as 8,9 3 3 3f. In order to obtain the solution to the ripple loss for small E, a simplified Monte Carlo scheme was employed. A particle on the magnetic axis was followed around the torus which had a ripple well at each of the four access ports; several times between ripple wells and within the wells the particle was scattered in velocity space by a Gaussian weighted scattering operator based on the local Fokker-Planck equation.9 If when the particle was in a ripple well it scattered into W(j < 61/2, it was treated as lost if E. > E . In order to speed execution time each magnetic We see that for E = 0.3 changing N from 2 to 10 produces little change in T ; furthermore, while T k c2
for E > 0.1 it does not go to zero as E -+ 0, but asymptotes a finite value. This can be explained heuristically as follows. For E >> E , the c loss time will be the time for an ion with initial E to diffuse toE c plus the additional time for the ion with E = Ec to be lost. All of the previous results ignore ion slowing, which will eventually cause E to drop below E and no longer be subject to this loss. The first and second terms on the right hand side of Eq. (1) describe this slowing; it has been shown that the ion velocity will vary as 8 , 9
where v is the initial velocity. This slowing down has been taken into account in Fig. (5) .
Here each ion velocity varies as in Eq. (5) ; when E. < E the ion is no longer lost and its
I
remaining energy is dumped into the plasma. is still large enough to seriously limit RF heating efficiencies.
Again, it should be noted that particles orbiting off the magnetic axis may be affected differently due to their banana orbits. However, it has been measured that the energetic ion and neutron production is localized to r/a < 0.2 during rf heating in Alcator A. 1 0
Finally, the rotational transform due to the plasma current will reduce the effective ripple. 1 ' 3 It can be shown that an ion vertically above the magnetic axis will see an effective ripple 6eff
where 60 is the ripple in the absence of plasma current and a = 2rARN'q(r)], and where we model BT = B0 (1 -r/R cos e -60(r)
cos N'). 6 has been estimated for Alcator C11 at less than 0.1% for r/a '\ 0.3, which results in E being of the order of 60 keV. This E is much higher than that of Alcator A; we would therefore expect that the ripple loss process would be greatly reduced in Alcator C from Alcator A. A-R=44 cm and 6=2.9%; B-R=49 cm and 6=2.3%; C-R=54 cm and 6=2.5%; D-R=59 cm and 6=3.5%; and E-R=64 cm and 6=7.5%. L-N=5, X-N=10, and 0-N=2. We see that for E initial=0.3,
T is nearly independent of N. A total of 46% of the initial ion energy is lost in the ripples. 
